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PRELIMINARY  REPORT  ON  V/IND-TUNNEL  TESTS  OF  THE 
ONR  3^^EPT-:^INO  RESEARCH  MODEL 


SUMMARY 


Test  results  for  a semispan,  refleotlon-plane, 
quarter-scale  model  of  the  Douglas  F3D-S  swept  wing 
(CNR  R2I-4)  are  presented  as  tuft  studies,  three  c<»nponent 
curves  and  pressure  distributions,  A complete  angle  of 
attack  range  from  -4  degrees  to  +30  degrees  was  used  on  the 
36-degree  swept  wing  for  the  plain  configuration  and  also 
with  the  25  pereent  chord,  slotted  flap  deflected  at  angles 
to  45  degrees. 

The  infomiatlon  given  herein  is  routine  in  nature 
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analysis  of  the  wing  pressure  distribution,  boundary  layer 
and  circulation  as  affected  by  outboai*d  blowing  slots,  A 
ipaxlmuin  lift  coefficient  of  1,00  was  measured  for  sero  flap 
deflection  at  an  attack  angle  of  20  degrees  and  1,28  for  45- 
degree  flap  deflection  at  11-degree  angle  of  attack.  Inte- 
gration of  the  pressure  profiles  over  the  wing  surface  checked 
very  closely  the  lift  and  drag  curves  as  measured  directly  by 
the  tunnel  balance  system.  Also,  close  correlation  was  found 
between  the  tuft  pictures,  the  force  data  and  the  pressure 
distributions,  which  indicated  that  scjparated  areas  were  di- 
rectly related  to  the  force  and  pressure  deviations.  The 
static  longitudinal  Instability  associated  with  the  tip  stall 
caused  by  spanwise  boundary-layer  growth  was  pronounced  and 
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pronred  to  be  the  main  area  for  conoera  regarding  high  lift 

t 

tochoiqnes  from  boundary— layer  and  circulation  control. 
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LIST  OP  FIGURES 


Model  planfora  sketch  with  pressure  tap  stations  and 
a typical  wing  section. 

Front  view  of  the  model  mounted  In  the  tunnel. 

Completed  model  mounted  on  the  end-plate  rigging, 

Eactemal  balance  rigging,  angle-of-attack  mechanism, 
and  pressure  tubes. 

Close-up  view  showing  flap  Juncture  and  brackets  and 
the  pressure  tap  buttons. 

Tuft  pictures  of  the  plain  wing  configuration,  6p  = O®. 
Tuft  pictures  of  the  flapped  wing  conriguration,  6y  « 
Three-ooiaponent  force  ouryes  for  the  various  flap  angles. 
Lift-drag  polar  ourves  for  the  various  flap  angles. 

Lift  Increment  as  a function  of  flap  angle. 

Comparison  of  measured  force-coefflolent  curves  with  the 
integrated  pressure  distribution  force  coefficients. 
Center  ox  lift  as  a function  of  t G of  attack, 

Spanwise  lift  distribution. 

Spanwlse  drag  distribution. 

▼Rrlatlon  of  the  integrated  looal-normal-foroe  eooffloient 
with  angle  of  attack  and  spanwise  position. 

Variation  of  looal-normal-foi*ce  coefficient  profiles  along 
the  sesispan  at  an  angle  of  attack  with  zero  flap  de- 


IN 


- 


'H  ^ 


h 


X * 
i 


flection. 


CONFIBFNT?  At 

INFCtMii  A'ii  ii  AN 


13  ) Variation  of  local-nonnal-fyi*ce  coefficient  profiles 

along  the  semispan  at  an  angle  of  attack  with  forty-* 
five  degrees  flap  deflection. 

14  ) Isobars  on  the  wing  upper  surface  with  &p  = 0“. 

15  ) Isobars  on  the  wing  upper  surface  with  6p  = 15". 

16  ) Isobars  on  the  wing  upper  surface  with  op  = 3G^, 

17  ) Isobars  on  the  wing  upper  surface  with  op  - 45°. 

18  ) Pressure-coefficient  values  for  0°  flap  deflection. 

19  ) Pi*essure— coefficient  values  for  15°  flap  deflection* 

20  ) Pressure— coefficient  values  for  50°  flap  deflection, 

21  ) Pressure— coefficient  values  for  4o°  flap  deflection. 

22  ) Centers  of  pressure  for  the  local  normal  force  profiles, 
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Coordinates  of  the  airfoils  and  flap  nose 
and  location  of  the  flap  hinge  points. 
Discussion  of  the  location  of  the  aero- 
dynamic center. 
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IIITRODUCTION 

As  a "basis  for  comparl '^on  with  a similar  wing  having 
a system  of  bounds jry-laver  and  c’rculatlon  control  (hereln- 
after  called  ontrol)  the  described  test  program  was 

conducted  to  gain  Information  about  the  36-degree  swept 
wing  with  6-serles  sections.  The  tests  gave  an  Insight  to 
the  Importance  of  controlling  the  spanwlse  boundary-layer 
growth  for  the  dual  purpose  of  Improving  the  longitudinal- 
stability  and  the  tip-flow  or  stall  characteristics.  It  Is 
well  to  note  here  that  swept-wlng  boundary  layer  theory  is 
well  established  and  proved  experimentally  for  swept  wings 
(nefs.  1 and  ?). 

Since  good  success  has  been  achieved  both  experi- 
mentally and  practically  with  boundary-layer  and  circulation 
control  of  thick-straight  wings,  the  pjroposal  was  made  for 
similar  application  to  thln-svept  wings  (Refs,  3 and  4), 

This  required  adequate  knowledge  of  swept  wing  boundary- 
layer  characteristics  or  raoi*e  importantly  the  pressure  distri- 
butions, The  art  of  theoretically  predicting  pressure  distri- 
butions, lift  distributions,  etc,.  Is  not  adequate  to  date 
for  analyzing  In  detail  the  effects  of  flo;>r  discontinuities 
due  to  suction  or  pressure  slots  on  a finite  span  s^rept  wing, 
Therefojre,  these  results  were  desiired  for  direct  comparison 
with  exactly  the  same  wing  equipped  with  an  outboard  hlnged- 
leadlng  edge  and  an  aileron-blowing  slot  on  the  trailing  edge. 
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Also,  they  shall  serve  to  chock  th'*  theoretical  vork  con- 
ducted In  an  effort  to’ understand  the  measured  aerodynamic 
characteristics  with  the  aim  of  predicting  Idealized  limits  of 
BL-C  control  for  a sw$pt  wing. 

These  tests  are  concerned  only  with  the  tvro  forces  lift 
and  drag  and  the  pitching  moment. 


NOMENCLATURE 

» wing  area,  *-^uare  feet 

= wing  span  measured  perpendicularly  to  the  plane  of 
symmetry,  feet 

= wing  chord  measured  oarallel  to  the  plane  of  symmetry, 
feet 

- wing  root  chord,  feet 
=s  wing  tip  chord,  feet 


= wing  mean  aerodynamic  chord,  feet 

= taper  ratio,  tip  chord  divided  by  root  chord, 

= sweep  angle  of  quarter-chord  line j positive  for 
sweepbaok,  degrees. 

= wing  lift  coefficient,  total  llft/qS 

= section  lift  coefficient,  section  llft/qS 

= wing  drag  coefficient,  total  drag/qS 

= section  profile  drag  coefficient,  section  profile 
drag/qS 

= wing  pitching  moment  about  "c/4,  total  manent/qSV 
= section  pltoMng  moment,  section  moment/qSo 
= section  normal  force  coefficient,  normal  force/qS 
= section  chordwise  force  coefficient,  chordwise 
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free-Btream  dlynamle  pressure  (-^pV^),  pounds  per  square 
foot 

air  density,  slugs  per  cubic  foot 

free  air  stream  velocity,  feet  per  second 

static  pressure,  x>ound8  per  square  foot 

free— stream  static  pressure,  pounds  per  square  foot 

presfcjure  coefficient,  (l>-Po)/<l 

longitudinal  coordinate  in  the  wing  pl*i».e  positive 
forward,  feet 

lateral  coordinate  In  the  wing  plane  positive  to  the 
right,  feet 

angle  of  flap  deflection  measured  from  the  chor*d  line 
test  angle  of  attack  based  on  the  root  section 
Incremental  change  in  the  Indicated  symbol  value 
subscript  denoting  maximum  value  for  the  configuration 


CORRECTIONS 

In  this  data  no  corrections  have  been  applied  for  angle 
of  flow.  Image,  downwash,  etc.  This  was  not  done  for  two 
reasons.  First,  for  the  balance  data  to  be  checked  by  the 
pressure  distributions,  the  uncorrccted  data  must  be  used* 
Also,  since  the  tests  ultimately  are  to  be  compared  to  ad- 
ditional wind-tunnel  tests,  the  corrections  would  be 
superfluous  In  the  immediate  problem.  Second,  the  time  was 
not  available  to  go  through  the  usual  lifting-line  theory 
correction  computations  using  an  infinite  array  of  images. 
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It  18  contemplated  that  the  force  data  will  be  corrected  for 


the  turjiel  walls  in  the  final  r-eport,  although  as  mentioned 
before  the  corrections  were  not  Important  here. 


APPARATUS 


The  one-fourth  scale  model  of  the  Douglac  F3D-3  wing  was 
tested  In  the  University  of  Wichita  •?-  by  10--=fcct  wind  tunnel 


which  is  described  in  reference  5,  The  model  was  constructed 
of  laminated  mahogany  and  finished  with  sanding  sealer  to 
produce  an  aerodynamic ally  smooth  surface.  The  pressure  taps 
were  in  plastic  buttons  Imbedded  in  the  model  surface  with 
plastic  tubing  connected  as  lead-outs  to  the  manometer  board. 
Details  of  the  model  and  its  rigging  are  shown  in  "he  piioto- 
graphs  of  figure  2. 

A straight  taper  was  used  from  the  root  airfoil  section 
IJACA  63-011,64  to  the  theoretical  tip  section  IIACA  63-008, 

The  root  section  thickness  came  as  the  result  of  the  fuselage- 
wing  Juncture  at  that  point.  Thus,  the  tested  wing  was  the 
wing  outside  of  the  fuselage,  l.e,,  the  true  aerodynamic  lift- 
ing surface.  Neither  tv/ist  nor  dihedral  was  used  in  building 
or  mounting  the  model.  The  sweep  angle  was  36  degrees 
measured  through  the  root  and  tip  sections  quarter-choJrd 
points. 


The  slotted  flap  was  46  percent  of  the  model  span  In 
length  and  was  rotated  about  a point  8 percent  of  the  local 
chord  belf/w  the  chord  line  and  80,6  percent  of  the  local 
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chor-u.  art  of  the  leading  edge.  Coordinatee  of  the  baelo 
airfoil  sections,  flap  nose  and*the  wing  tip  are  given  in 
Appendix  A.  The  flap  was  moved  in  15-degree  Increments  to 
45  degrees  maximum  deflection  by  changing  the  steel  brackets. 


The  model  had  no  aileron. 


The  model  was  mounted  on  two  fittings,  with  the  center 
of  rotation  located  24.37  InohoR  aft  of  the  root— section 


leading  edge.  On  the  end  plate  a ring  mount  was  used  and  In 
the  wind  stream  a single  strut  was  attached  In  a submerged 
trunnion  fitting, 

A summary  of  the  model  physical  dimensions  is  given  in 
flg’jre  1 and  the  pertinent  data  as  follows: 


wing  seralspan 

« 65,75*  {Root  9.25*  from  center- 

line fuselage) 

Root  chord 

= 36,70* 

Tip  oliord 

= 13.25* 

Wing  area 

= 11.36  ft.^ 

Aspect  ratio 

JO  5,28 

Swaep  angle  of 

root— to-tlp  quarter-chord  line  = 36° 

Root  section  NACA  63-011,64 
Tip  section  NACA  63-008 
Centerline  fuselage  section  NACA  63-012 
Flap  span  = 46  o/o  model  spaa 

Model  scale  = one-quarter  full  scale 
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The  wlnd’-tTinnel  tests  oi  the  sw»Dt  model  were  *tll 


run  at  a dynoralo  pressure  of  26.3  pc”r;c*s  per  square  foot 

* 

which  corresponded  to  an  airspeed  of  90,6  knots  or  104:  mph, 
and  an  effective  Reynolds  number  of  2,70x10®  based  on  the 
wing-mean— aerodynamic  chord.  The  wind-tunnel  txirbulenoe 
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Tests  for  lift,  drag  and  pitching  moment  and  all  the 
pressure  distribution  data  were  i*un’ tiirough  an  attack  angle 
range  of  -4  to  +30  degrees  with  flap  settings  in  15-degree 
increments  to  45  degrees.  Tuft  studies  of  the  stall  develop- 
ment were  conducted  at  the  same  dynamic  pressure,  but  the 
angles  of  attack  were  limited  to  a range  of  6 to  18  degrees 
for  the  two  flap  settings  of  0 and  45  degrees. 


DISCfUSSION  OF  TEST  RESULTS 
To  obtain  a pictorial  exposition  of  the  surface  flew 
conditions  on  the  wing  near  and  at  tlio  stall  point  a series 
of  photograpiris  were  taken  for  aero  and  forty-five  degree 
flap  deflections.  As  outlined  previously,  the  photographs 
were  taken  at  Oiie  degree  intervals  betvr'  6 and  16  degree 
angles  of  attack  and  also  at  18  degrees.  The  results  are 
presented  as  figures  3 and  4, 

The  clean  configuration,  l.e,,  no  f3^p  deflection, 
started  a noticeable  spanwise  flew  at  an  attack  angle  of 
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9 flegreea  vhioh  developed  into  a tip  separation  at  10  degrees. 
Farther  Increases  in  angle  of  attack  extend«}d  the  separated 
area  Inboard  in  a gradual  manner  so  that  the  flow  on  one- 
third  of  the  wing  separated  at  11  degrees,  half  at  14  de- 
grees and  tliree-<iuart£'rs  at  16  •egrees.  later  In  the  dis- 
cussion the  correlation  of  the  force  curves  to  the  pressure 
distributions  is  noted. 


With  a full  flap  deflection  of  45  degrees  the  flap 
remained  unstalled  throughout  the  depicted  range  of  attack 
angles.  Stall  or  separation  of  the  wing  surface  flow  in 
this  configuration  started  at  7 degrees  angle  of  attack  and 
progressed  to  one-third  of  the  area  at  8 degrees,  half  at  10 
degrees  and  tliree-quarters  at  15  degrees.  (Note  the  delay  • 
in  the  stall  progression  in  the  area  ahead  of  the  slotted 
flap  from  9 to  13  degrees  aiigle  of  attack. ) The  flapped 
wing  started  its  stall  at  a lower  angle  of  attack  than  the 
unflapped  wing  so  that  the  area  ahead  of  the  flap  was 
slightly  more  stable.  It  would  appear  that  ‘dams'  might 
prove  beneficial  in  increasing  the  effectiveness  of  an 
aileron  on  such  a wing.  This  is  because  the  spanwlse  thick- 
ening of  the  boundary  layer  induces  separation  of  the  flow 
at  a lot./  angle-of-attack. 

Fores  carves  for  the  wing  are  presented  in  figures 
5 and  5.  These  data  were  not  corrected  for  wind-tunnel 


wall  effects,  strut  Interference,  or  the  txinnel  wall  boun- 
dary-layer as  previously  noted.  The  pitching  m<»ient8  were 
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transferred  from  the  model  pivot  point  to  the  calculated 
aerodynamic  center  quart er^c herd  point.  Location  of  the 
aerodynamic  center  is  dlsouaaed  In  appendix  B.  It  waa  as- 
sumed that  the  remaining  pitching-moment  curve  slope  could 
be  erased  by  appropriate  correct ioue  due  to  the  tunnel  walls. 

The  force  o'urvas  show  the  typical  types  of  aero- 
dynamic characteristics  for  a tapered  m-/ept  wing,  A gradual 
stall  was  started  at  a low  angle  of  attach  with  the  drag 
rise  quickly  assuming  a linear  relation  to  the  angle  of  attack, 
la  every  case  with  the  flaps  deflected  the  drag  rise  was  co- 
incident xirith  the  break  in  the  lift  curve.  Similar  correlation 
was  evident  in  the  tuft  studies  and  the  pressure  distribution 
profiles  along  the  semispan. 

The  curves  show  that  the  drag  increment  caused  by  flap 
deflection  was  not  proportional  to  the  deflection  angle  at 
the  lower'  angles  of  attack,  but  became  linearly  related  to 
the  flap  deflection  aft- r the  stall  str.rted  and  had  caused 
the  force  curves  to  break.  The  lift  curve  Incitements  show 
exactly  the  opposite  effects,  being  linearly  related  to  the 
flap  deflection  beloxv  tlie  force  curve  breaks.  Increments 
In  the  pltchi.ng-raor.ent  curves  due  to  the  flap  wore  inde- 
pendent of  the  force  curve  breaks.  Tills  was  surprising  be- 
cause of  the  difference  in  the  pressure  distributions  for 
the  various  flap  settings  and  the  manner  in  which  the  center 
of  lift  moved  along  the  vrlng  span,  especially  after  the  stall. 
Longitudinal  instability  at  the  stall  was  not  too  severe,  but 


13 


^ ' 0 ft  % ' r’/tfT'  rr.->  - - 


,■  *■  ri 


-j 


jiL  A. 


3N 


amounted  to  about  ACjj  « +0,10  over  a ten  degree  angle  of 
attack  range  beyond  the  stall.  Such  a shift  In  the  moment 
ourre  appeared  for  all  flap  angles. 

Slopes  of  the  lift  oujrres  decreased  sLlghtly  with  Ir*- 
creased  flap  deflections  from  0,0678  with  aero  flap  deflection 
to  0,0623  per  degree  with  a full  flap  deflection  of  45  de- 
grees, The  slope  tiiG  pitching  moment  curres  was  nearly 
constant  '‘or  all  flap  angles  at  a value  of  0,0053  per  degree, 

A comparison  of  the  flap  effectiveness  at  a low  angle 
of  attack  with  that  at  maximum  lift  coefficient  is  presented 
as  figure  7.  The  increments  of  lift  at  Cj  are  about  0,4 
of  those  at  the  loir  angles  of  attack,  i.e,,  up  to  eight  de- 
grees, Also,  the  curve  for  the  maximum  lift  coefficient 
increment  is  slightly  curved  with  decreasing  slope  for  the 
higher  flap  deflections  while  the  other  Is  a stra‘g>it  line. 

The  next  figure,  8,  demonstrated  a caaparlson  of  the 
reasursd  results  from  the  wlnd-tujinel  balances  (uncorreeted) 
to  the  integrated  values  from  the  pressure  distributions.  At 
the  low  angles  of  attack  the  behavior  of  the  two  oturves  is 
much  as  would  be  expected  vj'ith  the  lift  curves  Identical  and 
the  drag  curves  differing  by  the  amount  of  viscous  drag. 
Beyond  the  stall  angle-of-attack  the  lift  curve  from  the 
Integrated  data  is  sonujwhat  higher  than  tho  measured-value 
curve.  Some  of  the  difference  could  have  been  caused  by  ac- 
cumulated experimental  error,  but  this  would  seem  unlikely 
since  the  trend  Is  consistent  for  the  last  three  points. 
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The  drag  cujrves  differ  by  an  amount  due  to  the  viscous  drag 
which  plays  a less  Important  part  of  the  total  drag  as  the 
angle  of  attack  Is  Increased.  In  general,  It  was  felt  that 
the  correlation  between  the  two  methods  was  satisfactory. 

Variations  of  the  center  of  lift  on  the  semlsi^an  model 
are  presented  In  figur-e  9.  As  an  average  value  over  the  use= 
able  flight  range  of  attack  angles,  it  appears  reasonable  to 
use  the  value  of  0,525  for  2,y/b  as  compared  to  the  mean  aero- 
dynamic center  location  of  0,416. 

Figures  10a  to  lOd  shew  the  Integrated  results  of  the 

normal  force  coefficient  profile  plots  for  the  case  of  zero 

flap  deflection.  They  demonstrate  both  the  section  and 

weighted  values  of  lift  and  drag  coefficients  as  distributed 

« 

across  the  semispan.  The  drag  curves  show  the  high  drag  near 
the  tip  and  also  the  lower  drag  area  inboard.  These  extremes 
may  be  dli^ctly  traced  back  to  the  txift  studies  as  being  re- 
lated to  the  separated  areas, 

A more  graphic  picture  of  the  lift  distribution  is 
presented  In  figures  11a  to  lid.  These  tljee-diraenslonal 
composite  graphs  show  the  spam/lse  normal-force  coefficient 
aa  a function  of  the  angle  of  attack;.  Here  again  is  shown 
the  strong  tendency  of  the  wing  tip  to  lift  more  than  the 
inboard  section  and  then  stall  so  that  the  center  of  lift 
shifts  toward  the  wing  root.  Such  a procedure  may  be  seen 
in  all  four  of  the  figures  with  the  different  flap  de- 
flections. For  J-noreaslng  flap  deflections  another*  trend 
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may  be  noted  In  the  a ea  shift  caused  by  the  flap,  which  In 
tuim  was  aceompanle  . by  a iilgher  lift  value  on  the  tip. 

These  ourv',s  were  plotted  on  a spanwlse  axis  correspond- 
ing to  the  entire  semlspari  Including  the  fuselage  area.  While 
the  spanvlss  stat5.on  lines  are  the  same  as  In  the  remainder  of 
the  figures,  their  values  on  the  scale  have  different  values. 
Also,  the  Indicated  uncorrected  values  determined  from  the 
balances  are  for  the  outboard  87.8  percent  of  the  semlspan,  i.e, 
the  area  outside  of  the  fuselage. 

The  next  series  of  figures,  12  and  13,  show  the  span- 
wise  variation  of  the  normal  force  coefficient  profiles. 

These  are  the  profiles  which  were  Integrated  to  give  the 
section  normal  foi^ce  coefficients  of  figure  11.  Due  to  the 
physical  limitation  on  the  number  of  pressure  taps  on  the 
nose  of  the  model,  the  maximum  pressure  coefficient  as  Indi- 
cated does  not  in  all  oases  actually  represent  the  true  peak 
pjresaure  coefficient  value. 

Here  also  may  be  noted  the  essential  characteristics 
of  a tapered  swept  wing.  At  the  root  of  the  wing  the  profile 
is  weaker  and  grows  stronger  as  the  tip  is  approached.  To 
the  point  of  stall  all  the  profiles  are  similar,  but  at  the 
stall  the  shift  of  the  peak  pressure  coefficients  Is  towards 
the  root  of  the  wing.  The  highest  pressure  coefficient 
measured  was  near  the  root  of  the  wing  at  an  angle  of  attack 
of  16  degrees.  Its  value  being  -7,0,  No  noticeable  dif- 
ferences occurred  between  the  clesan  and  flapped  configurations 
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In  ttiese  two  ?lgux*es  that  was  not  basically  evident  from  the 
other  presentations.  However  the  stall  progression,  flap 
net  stalling  through  the  useable  angle  of  attack  range,  and 
shift  of  the  center  of  lift  inboard  are  again  all  clearly 
shown. 

Figures  14  through  17  present  the  isobars  on  the  wing 
upper  surface  for  the  range  of  flap  deflections  at  the  indi- 
cated attach  angles.  These  few  plots  show  essentially  the 
same  information  as  the  normal-force  profiles  of  figures  12 
and  13,  The  most  noticeable  characteristic  in  these  figures 
is  the  distinct  lose  of  linearity  of  uhe  lines  toward  the 
tip  as  separation  occurs.  This  Is  especially  well  defined 
In  the  series  of  sketches  for  zero  flap  deflection  and  the 
angles  of  attack  8,  12  and  16  degrees. 


CONCLUSIONS 

A reflection-plane  quai^er-scale  model  of  the  Douglas 
F3D-3  STcept  ’/Ing  was  tested  to  obtain  its  basic  traits.  These 
test  results,  presented  as  force  and  pressure-distritautlon 
data,  showed  the  tip  stall  from  sp.anwlse  boundairy-layer  flow 
to  be  the  orlraary  area  for  concern.  The  tuft  study,  force 
data  and  pressure  distributions  all  agreed  very  closely  on 
the  separation  or  stall  phenomenon  of  this  wing.  While  a 
certain  degree  of  control  could  be  exerted  on  the  boundary 
growth  by  fences,  the  desire  for  such  control  only  at  high 
lift  coefficients  lends  Itself  more  ci.pprop:'’lately  to  BL-^ 
control  which  is  the  second  phase  of  the  test  program. 
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FLAP  NOSE  COORDINATES 
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Note:  These  oGordlnates  are  referenced  to  the  80  percent 

points  of  the  local  chords  as  the  origin. 


PERCENT  CHORD 


75.00 

75.50 

76.00 

77.50 

80.00 

32.50 
83.58 

85.00 

Tangenoy  Point 

90.00 

95.00 


ABSCISSA  (X  In.) 
Wing  St  a.  0.’?5 

+1.822 
+1.164 
+1.457 
+0.911 
0.000 
-0.911 
-1.3C4 
-1.822 
-2. 120 
-3.643 
-5.465 


ORDINATE  iZ  in.) 


-0.595  and  -0.899 
-0.220 
-0.065 
+0.215 

+0.432  and  -0.673 

+0.492 

+0.484 

±0.455 

+0.421 

^0.259 


100.00  • 

-7.287 

0,000 

L,E.  Radius  Center 

+1.521 

-0.595 

Ulng  Sto.  33.50 

75.00 

+1,238 

-0.376  and 

-0.566 

75.50 

+1.114 

-0.140 

76.00 

+0,990 

-0.038 

77.50 

+0,619 

+0,139 

80.00 

0,000 

+0,267  and 

-0.425 

82.50 

-0.619 

+0.300 

83.58 

-0.886 

+0.296 

85,00 

-1.238 

+0,290 

Tangenoy  Point 

-1,638 

+0.246 

90.00 

-1.238 

+0..167 

95.00 

-3. 713 

+0.069 

100.00 

-4.951 

O.OOO 

L.E,  Radius  Center 

+1.080 

-0.375 

The  flap  was 

hinged  about  a poln 

t 8 percent 

of  the 

local  chord  below  the  chord  line  and  80 

.6  percent 

of  the 

local  chord  aft  of 

the  section  leading 

edge. 
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WING-TIP  COORDINATES 

Note;  These  coordinates  are  referred  tc  the  trailing 
edge  of  the  tip  chord  at  station  63,10, 


distance  from  the 
tip  chord  t3ralllng- 
edge,  Inches 

Y - distance  normal 
to  the  tip-chord 
plane,  inches 

0.000 

1.325 

0.313 

1.750 

0.625 

1.950 

1.250 

2.175 

2.500 

4,450 

5.000 

2.650 

7.500 

2.570 

10.000 

2,250 

12,500 

1.400 

This  curve  was  falr?d  to  the  leading  and  trailing 
edges  of  the  wing. 


Jl ^ •' -1  i , _ , 


'r- 


21 


APPENDIX  B 

The  equation  in  reference  6 on  page  19  was  used  In 
calculating  the  aerodynamic  center  of  this  swept  wing  as 

f ollotiTS : 


^a.c.  = HA  tan  p 

S/b 


where 

Y 

a.c.  = longitudinal  distance  between  the 

aerodynamic  center  of  the  root  section 
and  aerodynamic  center  of  the  wing, 
positive  to  the  rear. 

S = wing  area 

b = wing  span 

H = factor  presented  in  girapnical  form  in 

the  reference  test  = 0,208 

. A = wing  aspect  ratio 

p = Siigle  of  s^^'eepback 

From  the  model  constants  this  gives: 


^a,c,  - Hb  tan  p 

= 0,208  X 2 X 65,75  x tan  35,8° 

X ^ x=  19,72  in,  behind  the  root  section 
* * aerodynamic  chord 

Thus  the  wing  aerodynamic  center  becomes 

9.62  + 19.72  =:  29,34  inches  behind  the  root  choirl  leading 

edge,  corresponding  to  a span  station  of  27.33  Inches  v;ith 

a section  chord  of  26,94  Inches, 

In  these  calculations  Ihe  aerodynamic  center  data  on 
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llnefir  Intorpolatlon.  It  was  on  this  basis  th?'.t  the  sweep- 
back  angle  of  35.8°  was  calculated  for  the  line  between  the 
root  and  tip  chord  aerodynamic  centers. 

In  more  recent  calculatlcns  It  appeared  that  this 
value  Is  slightly  small,  l.e.,  the  wing  aerodynamic  center 


distance  X 


a.c. 


Reference  7 uses  the  t ^ 


_ ^ _ 1 -i.  a/  r 

4 m+x+xz) 


"I  AR  tanAc//j 
3(l+X)  J 


= distance  of  the  wing  aerodynamic  center  behind 
the  leading  edge  of  the  centroid-of-a7^a  chord. 

This  equation  results  in  X_  . = 20.70  Inches  which 

Is  essentially  an  Inch  behind  the  previous  value.  Such  a 
correction  would  reduce  the  slope  of  the  transferred  pitch- 
ing moments  to  about  half  Its  presented  value.  Therefore, 
the  tunnel  data  would  still  not  qv^ite  check  the  aerodynamic 
center  calculations.  As  assumed  In  the  text,  the  remainder 
can  possibly  be  attributed  to  tunnol  wall  Interference. 
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UMIVERSITY  OF  WICHITA 
SCKOOL  OF  CNOIfiEERiNO 


CONFll>5'NT5AL 


AERODYNAMiCS  LABORATORY 


TFj^Y:  ONR  RM-4 

for  Office  Nfivfll  Rftfiftftrnh 

BY : Hichard  E.  Wallace 


TEST  NO: ^ ' 

REYNOLDS  NQ:  2.7Q  Z-LO^ 
DATE : Gn-hn'hftT»  19^2 


Figure  2b.-  Completed  model  mounted  on  the  end-plate  rigging. 


university  of  WICHITA 

SCHOOL  OF  ENGINEEHING 


CONFIDENTIAL 


AERODYNAMICS  LABORATORY 


T£ST:  ONR  BM-4 TEST  NO: 

FOR  Off  lea  of  Naval  Hnsefirah RgVNm  os  mq:  ? , tq  t 10 

BY : Rlcbard_E«  Walls c a date ; Octohfir  1952  _ 


Figure  2o.-  External  balance  rigging,  angle-of-attack 
mechanism,  and  pressure  tubes. 


Figure  2d,-  Clo?s-up  view  showing  flap  .luncture  and  brackets 
and  the  pressure  tap  buttons. 


Fig.  3.“  Tuft-  p5ctures  of  the  plain  wing  configuration, 
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■ii^igure 


Pl^mre  4.-  Continued 


Figure  Continued;  = 16‘ 


1 ^ 


ll.>^^lVE-R5|T•V•  loF  wicnm 


W£1^F^""wTH 


IP- 

-T'. 1 

■/■i-  1 

/ f ; 

« V -.T ■■;r  /'  ; 

:•  'i:  /■  1 

A,. . ./ 

S - i! 

- ./•- 

• I . 1 

i ^ . u../  . 

j 

1 -p  ..1 

BPiiPi...  • .... 

t ■ ~ 

\ * 

■ 

[-•- 

1 

1 

!T^  ..  1 

IwPS 

mk 

^ I ; 

' ~ ' *7“  TT 1 

. : ' ' ' ' 1 

|t*  .1 

[ ■ . ■ '■ 

! ' 

:n:i 

lipi 

\ ■ . . . 

1-— 

!•■  ■; 

if; 

i.:i 

Pi 

( < 
SJ 

. . 

:t  i .- 

■ ! uV- 

'■"-A 

.7^' 
jy  : 

: • .1 

1 •■•:  ::\| 
. 1 

\'  • :• ! 

- • 1 

IH' 

-'■^1 

!'• 

hffi!' 

eIb’J 

r 

; 

t 

1 

• ■ 

• 

- 

-r  ' 

' 1 

.fi;.:. 

: — 1 

.:  : . 

: 

• • 

ir  ■ 

! 

.1  . .. 

■ 

♦ 

- 

■ 

. 

• 

• 

h“  Tt"  ' 

■ ':•■  * 

• • • 

-■  ' 

L-1- 

.1  : ; 

t ; • 

* • - 

.«  . . « 

1_^.  ;,■  J 

~f 

; 



- 

. ■ . 

• 

J 

~.  . . « . ■ 

- -i 

' * ! i 

i ’ I 
• 

: ■; 

• t 

-• 

iLE.  t 

^TTj 

^\Ci? 

■ r.i:: 

: i. . 

, ;j:  ■■■ 

. . 1 

r ^ 

t * 

1 

^. ....... 

L-  *• 

r 

, ..;» 

tP:; 

oTF: 

•*tr 

~z 

_ .IJ 

a: 

L.  . 

••  : 

— m 
B ■ 

■ t 

1 

■■  : 

, 

• 

. 

i " i J 

r-^ 

. . . * 

; 

4-  ' 

1 

<1 

S- -’1 

IMimk 

iOjaijimii 

■r'fi 

I 

i- 

! 

4--  ; 1 

i !: 

T,  ‘ ' 

-r* 

• • j 

I 

!•  --i 
4 

1 I •• 

. . 

■■  1 

■ 

. 

■■  i , .i 

• - 1 

i * i ' ! 

.... 
• • 1 

..  ..  ..........  1 

...  • , 

....  1 • . j 

4 

' . 

T 

• » 

' * ! 

.....  . 

;i  . 

. ! 

r ::  ^ i 

■* 

Trrr 

t:  :: 

. . . 

.4:i' 

\ 

It.--.. 

: 

1 - 

• ■ t 

■t:: 

■■  i"  ; 

4 r;: 

• 

• ■ r 
* • 

h-:- 

Ll- 

[-.... 

;L-'4-'1L 

. . ! 

. . t • • ' • 

'■  4;4: 

1 — : 
; 

1 i;  - 

• 

!:•  . 

I::  f r:  . 

i 

• • 

I 

i 

4 

I 

'r.: 

r'-' 

L '■ 

: ■ 

■ ■ 

•.. 

, 4'  , 

rrr-H 

:::: 

k: 

) 

....!.,. 

. 

• • 

t ■ ( 

’-rm 

...J 

r 

• ! 

L.  • L'  . 

• 

' : 

■ 

■ .::: 

L.Lk 

' . 

:•.  !' 
.J..... 

4 .■ 

fk 

k' 

' 

. • 

M4, 

'’4 

: ■- 

! 

■ • 

h • i-  - 

1 ' 

1 

yr  ^ 

■ ■ !' 

~r,  *.1 

I - 

to 

mSa 

■ 

:4’i  ' 

: . i 

Ko- 

m 

4=4  ■ 

: r 

• 

■ 

m 

’ 

. 

■'iij 

: : 

- n 

•4': 

4- : 

- ■ ■ 4 

< 

1 

I 

t • ’ 

H 

* ( 

■■ 

. ! 

. 

r 

1 

■ 

;..l 

• • 

I 

! 4; 

• 

■ ..J 

L .J 

-i 

,■  •::: 
* 

■ i .. 

•J 

r . “ 

_. !... 

<\ 

: . 

1 

* . ’ 

f.,:  :;;-4 

. i.. 

r . 

!:.t: 

. i 4 

'4 

« . . . 

vl 

; : 

BIFZi 

h“1 

— r 

l^jOMDlE 


•LLu..  _ - i 

i -| 

L:„J 

! 

Li... 

'■■■  1 ■ . 

[ • • 1 

1 * • I 

1 r 

1 ; 

j 

* 

. i 

f 

1 ‘ 

■ i 

i 

1 

1 -i 

■ 1 

• • 1 
...  . 

I . i 
1 . . • 

. 1 

1 

i 

• — 1 
1 
' 

i ...  i 

\ I- ' “ 1 

uj 

- ■ ■ 1 

1 . 

i 

Li 

■ i • 

I 1 
i i 

1- 1 

t — — • 

i 40l 

T : — 1 

L._.l  1 

l_  - 

i ! 

1; 

*"I 

■ 

1 

' 

1 

1 

1 

TT^n 

1:  . 

\ ... 

1. 

’ ■ 

'■■s. 

ir;- 

L 

r . 

• • 

- 

I...:-. 

r'-;- 

r 

; . 

1 

r . . 

i-  -.T 

1 • • : 

ruTi 

■ 

1 

* .'*'  * 

* *.  1 

— 7T  * 

UnivJ 

£Rr54l 

v\} 

r'~  1 

l.  . . 4 

DM  Ip- 

s 

• • < 

IF  ^ 

Df  3; 

< 

»■ 

l-ri 
1 :.  1 
t ...-1 

» 

'-g" 

1 M ' 

jA 

2-i 

>H^J 

.:. 

• 1 

■ ; 1 

’3 

i 

' 

; r- 

“R.C” 

\ 

. 1 

e 

1 

1 

"^TI 

1 

. 

' I 
■.:  1 

:':XL 

M.  r 

i;  ■ 

1 

:! 

t 1 

r-:[ 

"'  ■ ‘t 
... 

; ■ 

. ■ i 

T"‘ 
1 • ; • 

•■  1 

1 ' 1 

. :| 

r1 

t'  : ■ 

...  f 

fr^- 

■ ;i:| 

. r:ti 

rni 

.^t) 

• 1 

ni'l 

-1 

.:  - 

.;.i 

•4  ' D 

l!  i;'' 

m 

r.r. 

iii-- 

D. 

• \ i\ 

.i ; : ; 

WSm 

' Zj 

»-■ . 

TTyr 
• * ' . 

3%i  - 

i 4 

y.\' 

'■1 

•■  iL;: 

*.  : • ■ 

;i-| 

I • • • 

:!  ^:J 

..'.'a 

r 

•M 
■ ; ’’’ 

■ *, 
. 

• : 

'^r 

:;•  1'. 

■•  M'- 

• -1 

.:;■ 

. ! ■ t \ 

. ."I 

"h  - 

: ‘ 

"H 
T * * 

i *»  - 

. 

!• 

- " 

P: 

-I:. 

*♦  r 

• T ' • 

: 'M 

•■-'! 

.T^ 

:;r. 

flj! 

r‘- 

♦ ■ 

. - i' 

■ r;  t 

.•  ■ 

- : 

■-• ; 

iJ'd 

lii: 

la 

, . -J  . 

* . 

w* 

IB 

•vm 

m 

m 

K 

; h : 

|:  ■; 
r‘\' 

m 

r 

r 

i 

t • 

. , 

.'■Mi- 

: 1 : 

!-.  1 

L_ 

1 

i—  - - 

1 

i 

P\ 

i'  ‘ 

•2'  i 

il^  i H< 

-i 

i.i^ 

' ■ 

1 

i -il  ' 

■'r-l 

—I 

1 

Lll 

M 

.;  I 

.-i 

«I»T~ 

Lrr.: 


UNiVt 


r""’'  — -:~r 


. :1 . .i 

- i; 

- . i . 

• 

'.ij 

. ■ 

*7" 

■ 

■t-i 

■ 

• • ' 

, . . .. 

i,-  ;•■ 

r ■ 
. 1 • 

• t 

• • ■ t ■ 

. . f.  . 

•i  . i.’:.’ 

r:"-:;  .*r 

:i 

■ i • - »•• 

• • "j  i 7;  ; » 

. ! . '..i . 

. i r . .j. 

r . ! • 

j * . . . 

' ? ■ ■ 

-f  ^ 

-I...  . ! 1 o' 

i 

! 1 

b'! 

r 

. ! 

\V  CA  • n 4- 

1 

1 

• j 

1 . i 
1 

”1 
; . I 

J r*: • : * ■ i 

t‘-  I 

r ; . 

■ ■ 

h .‘i;-' 

!•  ;l:b 

7.' 

- • t • 

1 ■ . 
1 

...  1 

I 

b" 

y :r , 

. ; ,,._  4 

(■;  ::: 

1- - 

.~i 

bb  ! 

;'-'i  ■ i 

-Ibl 

1 • • : 1 
b- 

r . . . 1 
; . 

r 

J ..  . , 

.'r . '! 

1 ‘ 

.1-  ■ 

-4 

t 

■ 1 

1 ' ' • 

1 

i 

. 

: 'i 

t 

. 

. i 
1 

vv 


K^Dtu 


n 

:n 

. 

jm 

■ 

1 

1 

mi 

BjH 

9 

^mi 

SB 

9 

I 

Bmi 

ijjnB 

BS 

S 

9 

SBI 

ms 

ilB 

■ 

S 

pWi 

nnn 

B 

9 

isii 

jjimiji 

HM 

isib 

^s 

1 

1 

m 

IHSHI 

H 

■ 

■mi 

mu 

mB 

B 

umBH 

im 

sB 

B 

H 

Hm 

iSI 

^m 

B 

B 

SB 

mB 

■m 

B 

B 

mi 

Im 

mU 

B 

B 

■m 

mp 

mi 

mmSM 

iBHM 

iImWIH 

SB 

Bm 

^m 

n 

■ 

^m 

SB 

B 

BB 

mpiA^ 

Bbubb 

'MWk 

■B 

immmi 

BS 

mB 

|MI 

B 

B 

mi 

^m 

I^b 

B 

B 

hS 

^m 

jSi 

B 

B 

mH 

ms 

B 

B 

mu 

^m 

B 

B 

BS 

WSl 

^m 

B 

B 

Hii 

^jl 

^m 

B 

B 

^m 

iSj 

B 

B 

Bm 

Bm 

US 

B 

B 

^m 

mw 

IS 

B 

B 

^m 

Si 

^m 

Bm 

B 

B 

ps 

SB 

mB 

B 

B 

^m 

SB 

B 

BWiBWI 

^m 

B 

gm 

B 

B 

^mi 

B 

B 

ISi 

mmmi 

BS 

B 

n 

^mi 

^m 

B 

B 

^m! 

^m 

■ 

B 

^mi 

ms 

Bll 

B 

B 

^mi 

BpI 

Im 

B 

B 

Bpll 

i^p 

B 

B 

^si 

B 

1 

iSi 

Bps 

SSi 

Rffij 

■ 

SBI 

y 

B 

' VSI^^bSV 

pp 

S 

m 

^m 

B 

P 

K i ^j9|l 

BS 

pH 

m 

m 

IbI 

m 

i: 

• . 

i.- 

■ t 

t 

' * t . 

. . . - 

:• 

:, . 
..  •* 

T. 

..'  f ^ . 
li— 

... 

* 'f-  t**  '-* 

liUiLu:!; 

PSP 

BIp 

bh 

Isi 

m 

n|| 

SB 

HB 

^B 

BB 

||M 

Ijpipi 

ifB 

MBI 

' 

\L.:, 

\i 

■ 

V 

. : n j 
- : ' 

• • 

■ ,: 

: ; t“ 

■ ’ j ’ * ' . * 

■ ^ 

M- 

' 'J 

.ki: 

• 

V 

P 

m 

n 

© 

i ■ ; • ; ' 
1 

1:4: 

■ . ' * ^ ‘ . 

• 

r-:* 

L.;. 

• 

k:-  - 

•,.  ■ 
LL'  ■ 

.f; 

1? 

- ■ 

... 

. 

...  • I 

ifi 

• '“.'f 

i;;' 

” 

. ' 

/.ik. 

■ 

.. 

y . : 

.. 

\ 

. »x 

‘■.K- 

•.  ■ • 

. 

.... 

• • • J 

::'■ 

.;  .J: ! •.  i 

... 

: 

' •*-! 

ki  • 

1 ! \ 

. . . . 

■ . . ; 

ik 

'lx-  r 

f.i,  - 
: -1 

r: , ■ 

^si 

l*ai< 

■ ! : ■; 

- 

: 

v-^ 

. 

• . 

. . . 

I ; ' ' 

....  rt 

■ * 

■*e- 

i.j: 

1.  M-!  • • • 

i4r--' 

■ : 

' :i 

t . * . 

: . 1 
.... 

- 

T-.  j < . 

.-■'r: . ' 
--U--  - 

'j;  ■ 

[4-i- 

; iki’ 

7 r ' 

■i^^k  ■: 

fe 

■ 

■ :_....J 

. . . 

■'  ! . i 

7vl'.,  '^■. 

; 

~":r. . :: 

’ . 1 

- . -i  • . . , 

:l-. 

•1  - 

'4r 

..... 

; :■ 

:: 

n 

• i ' ' ' 

r • • • 

-.•k:k 

7-1 

' ' i 
: : , 

.v-:t 

: 

k 

.'  1 
• 

. ... 

' 

. :*■ 

' 

. .1 

■— i_j 

*J ..  -< 

hi'.  , 

j - ; ; 

: 1 +- 

.'ix 

7 : '■ 

k- 

m 

dOE 


r-*- 

1 

•-  ■ ! 

IT 

4pB* 

;g 

Ifea^  < 

A0||l  < 

WWMfciWd 

•9W3#fi 

?jB 

M?  J 

ig 

8V 

MM^ 

^BbI 

^BBWng 

T*Mj^ 

IS 

P 

1 

|^3E 

m 

L— 

nn::r- 

L... 

:lfiS 

1 

^..  .1 1 . 

1 . .‘  1 ■!  \ • 

! 1 ' : \ 

’ ,-  t •; 

1 . 

n J 

r~ 

f-  ' 

ssi:\ 

T-— t- — 
■ J.... 

:i- 

i-  - 

t . . . . 

. . r ' 

X 

t 

\ 

lL 

\ :Vi  : . N 

\-V  : \ 

H ■ !n;  ^ 

'1 

fc-  - - 4 

'' 

\i- 

i_ 

. \ 

i 

_i^ 

r i . 1 

ll:u^  4 

f- 

J 

\ ■ . ' ■ 

r-X 

4*‘ 

i 

HHSSB 

\ ..V  I 
~- ■ 

u'X'i 

|nl 

■ ! 

- 'X.  ■ ! ' . 

i : *S 

. . 1 1 * ■ ''i.  . . ! 

It 

i.' 

I 

t 

‘r;'-l\:  '' 

j 

'■^L  zzz, 

>. 

'N 

N;r::-fV' 

-Nc 

*MmibV** 

[!Bj 

SSBan 

Bk^9i 

p 

I 

BdMB't 

9^^ 

'flB 

■n^nn 

I^Ri 

H 

n 

mSm 

m 

IB 

B 

B 

■ 

B 

1 

1 

B 

1 

■ 

gj 

H 

m 

1 

If 

B 

H| 

H 

■ 

B 

B 

B 

1 

1 

B 

B 

B 

HjnH^jnjn 

91 

■ 

■ 

■ 

^B 

^hIh 

I^B 

H 

H| 

9 

UM 

fla 

1 

s9 

: 3 

. . 

... 

;■■  : 
■ 

.■  ;.i 

- ■ - 

• 

i. 

41 ! . 1 ■ . . r 

' - ■ 

; '-i. 

' -i  !-  ;'  ‘ 

( 

■ 

1 

1 

— ; — 1- 

i ■ • 

.....  . 

^•;1  ^ : 

./i 

h -i.l 

i:‘-.i 

"iXu- 

:.  .!  '■.■ 

. '.: 

': 

.-•  ; 

. : '.!i : .... 

i^ao:).  •: 

ic 

IN  1 

. t 

■ : .^  v. : : : 

. ■ * • • : 

■■  .j 

4‘'- 

. : .:.a-  : 

;.4  : 

[■  ■ 

.:  4 

.r  * * r “* . 

• ^ 

-4 

"TT  T 

an- 

T.  .-t:  * 
. . ; . ♦. 

iiJJ 

•:..i:.  ; 

..:;;  .:J 

.:■'■'  4'':Li 

1_4_1.^-  :4j 

:-j 

Ti 

TT- 

:L 

1 

1 ^ t 

l;;.,; 

t . ; 
t - ; 

W--i 

‘ ■ i 

1 

! . 1 

: i 

1 • — . • ( 

; .1 

: — 1 

1 ■ 1 
1 . , 1 

1 

1 

j 

r n 

! 

i 

_ i 

■ 1 - -! 

! " f < 

"T  j 

i r"  ”! 

i ■ I ■ j 

i . ■ i 

1 

\ 

■ 

[ j 

L:.;  i 

t ‘ : 

1 . ‘ 1 

i 

; < 
L ... ; 
1 

i 

3 

D 

fi  - 

^ i 

p ..  P.P  . . 

. • 1 • 1 

1 . ; Nt  . . i . 

f"  . I 

■ . : 1 

;Cr  1 
iz  ! 

|5  ^-i 

|o] 

i i 

1. J 

1 

[ 

i : 

. . . , . - . 

I-  i 
I- 

1 ~j  I 1 *~j 

! '! 

r n:-:  -- 1 

! ■ T-  ■; ! 

1 [_  1 ■ _j 

r 

1 . .!  j : 1 

L'  ; i-'j 

p 

L-  i ^ 

P 

i . :■  M M i 

j ••  •:  ■ ;■  ! ■ > • 

P ; j ^ ; 

^ ! 
Ill  V 

> Q 

cob 

1 "1 

r ■ 

i i"  ' 

|..  ... 

; i i i 

P : - P 

j 

i ' 
1 ! 

AT  : : i pp: 

\ i -T 

^ . ..  • ‘ tr  .•  ..  J . 

K ; ! 

1 ^ .5^0-1 

ifQ  :..  , 1 

! ::  1 

1 ! 

■;  j ' 

...  . 

^ ’ ' 

! - . ! : 

• i 1 

. . ..  ; ....  ^ 

i_.: i 

f 1 

1 r i 

1 /.  L. 

..::  / 

\ ■ -M  d ;p 
A... ..... '..  .C_'. .... . 

■ “ 1 

■ G is**  ] 

j , • • 

1 

....[. ... 

1 ' ' 

1 . » ■ 1 

!.  ;... ! 

i7 

j.. i 

j 

i 

1 

■ 1 

1 

1 . — . , ' 1 
i 1 * 

1 P ■ 1 

1 

j.  ....  .. . 

: ■ : j 

[ j 

: ■ — — j 

1 .,  ! ! i 

1 ' , 

! / ' 
7 f 

1/  i i 

/ I 

1 

1 

!\  : ^ . 

1 

1 

I2B  - S»PX>^NV/;lSE  j VA«»>\TlOfs4  OF  NORMAL 

.!•  i : iforCe/ coerriciENT-  profiles  j 


^ ! 
) 1 

1 1 

1 j 

• • • i 

i 

. j 

\ j 

1 1 

. ■ : i 

1 » ' 

L:t;,  i : ; ■ ^ - f \ \l  \ ^ \ 

) 1 

VA 

> , _ 1 

[ 1 

1 . ■ . . j 

; - -t-  1 

{ 

J 

...  , 

a1 

.Tr-, 


'JNTVE^SlTy  WICHLT" 


{• 

i - ; 

' 

i~  J' 

1 

IT” 

1 

r;' 

i 

1 . ^ ■ : 
'.  J.  ,. 
1 .: 

1 

...  . 

j 

1 

! 

L-. . 

i. 

iv 

■ 

• • 1 
t ■ . ! 

i;-  k1;. 

!-r-  : 

i- - 

.-.rf 

‘ • 1 ; 

; . * ’ * ■ 

i 

i :•  • 
1 

r^ri  — 

- ...1.  ’ 

p t 

1 . . 

• ■ ' 1.,  .A  « 

i ; • ■ 

|m 

1 • ■ 
1 

1.  ■ :!:  ■ 

i-.j : 

i 

i .. 

• i . . 

i.-.i  .. 

L. 

j . . . 

. 

' 

■ 

---•'  - 

K . 

i: 

• 

. 

■ 

- 

• 

.. 

r 

1 • 

1 • ■ 

1 . 

j;  ' • 

...  j ... 


• 

.-■h- 

■ 

■: 

' ; 

• • 

■ 

• 

1 1 

■ 

• 

..  *r 

- 

- 

'It . ‘ , 

*■  ^ 

. 

• i 

. . . 

■ 

: 

r ; 

i 

L . - ' • 

; 

• 

.-.j,  ,i 

■ ■'!:*  : 

■ ■ 

■ ,:i 

L-': 

.*  r t 

: 

. 

' ■ ' ■ i 

- 

t 

T* 

-J 

. 

; - 1 ... 
";T 

U!.! 



1 -irl 

• 

. ■ i 

'•'T-  ■■ 

. It 

J 

, ■ 

;; 

4-.. 

- ; . 1 1 ‘ 

i'  ■ 

r; 

: ■■ 

..iTr  n 

K!-! 

r - 

! ‘ t ’ . . 

» 

i 

.-./i-.i.! 

• t 

. i 

• ^ 

...  « 

■ .1 

J 

1 

1 

1 

mm 

wm 

mmmm 

■ 

1 • • ♦ 

: :.J 

\ 

i: 

t 1 

] ■ 

!i  ■ 



i : . ' i 

. 

■ '! 
• 1 

• • ‘ I 

.•  i 

Hi;  ;! 

" ! 

T 

.:  'i 

..:i 

!::  K;_j 

. . -»  . 

■ I--* 

•i'-- 

. ■ : . 1 ! 

' ■ ; i . . 

r 

1 t 

!'  ' 

i- 

1 — 

Ivfl- 

1 

! 

J 

! ■ 
i.  • - 

M 

-3  \ 

i 

■j  ■ • 

.U  - . 

i 

.i....; 

4-  -- 

V 

T 

i 

-J..  . . 

:i„.  c=i 

HI 

F’  ! ■ 

4 . t ..  . . 

! -4 

1 : • ; 
f • 

...... 

l.;i- 

L:..Ljh 

. . [ . . 

• • 



1. . r 

■ 

: ■ _ 

' 

. 

.1.  1 
:3-i-  -! 

i 

r 

• • ! 

i::': 

T T ■ n 

1 

• 1 

i ■ • i 

;F:  ' ! 

rpn 

p-T-] 

Ljli 

■rjZ.i 

•r 

1 ; 

[ 

i-  -X 
i" 

;■  -j 

....  1 .ii 

! • 1 

j \ 

!.  -j 

! 

1 • • - t • 

! - ■ -i 

1 . - .....  J 
i : 

1 • 1 

i . i 

'4-.  ■ ! 

i'  . ■* 

k— 

* ..I.. 

t 

■ -V 

“:l 

L 

. ■ 1 

.111;-.-  • 

1 ; 

! 

I - 

**  n 

'!  ' i ' 

r":j 

Lx!..  ■] 

fT.j 

Xxx 

L.  i:  .j 

: '■ 

r . r q 

•f— • f-  • 

j 

: :i 

i;.., 

r.':  h"'i 

1 : -j 

L3:i; ' ! 

» ) T 

: ■ 
.X  .i. .. 

1 . , 

■■ , : 

. i:x 

’•■X- .. 

x.p- 

■'l 

1'^/- 

m 

fxV 

i * ’ ! 

■ ; ■ 

..  .I  ... 

■ 

• ^ 

■ . 

5-  ■ 

. 

' : • 

r 

. . 

■P|;  " 

L.^ 

1..: 

I-  :■ 

! .•.■  • ^ 

1 . !.  •;  • 

■.^x^x 

;4 

v‘ 

: 

: • 

XX^^ 

u...  V. 

> 1 : . . 

• ! : 

.... 

h;  (.  .-H 
■ 

• 

.... 

■ 

* V 

• 

■"  J ... 

•I  • V 

Xi-X 

. ; 

t : X 

U- 



. . : . 

.xL. 

■ X 

. — 

■ ' . ■ 

• - 

'ix  : 

i 

J X , 

rr:i:  ; • 

u 'X  - J 

♦ 

* L, 

a' 

X- 

X 

ft; 

Px 

' ■ :'*T'  “ 

r 

r1 

X;!:X 

■ • 

^ • 

. . » . ... 

• i • ■ 

• : : 

t 

. M : 
• ! • • 

...: 

: . 

X 

’ I - 

. 

tj,  •: 

... 

. 

, . 

. * 

Xy 

• . * 

. i X I 

■•X. 

• 

• ‘ 

i ■ 

r “ . : 

.. 

- t 
. 1 . . . 

, 

* .'  * ■ ! 

T ■ 

1 

. .; 

'? 

■ A' 

* ' X r* 

. . .1 

;X 

H:! 

- i V 

X.:: 

Xi' 

1 ;j-  ■ 

■■  : 

L. . ■ ' 

. : 

4 • 

J 

■ ■ 

- 

::*• 

• 

-X 

-1 

■ X 

.!  - 

I . . 

X-: 

;"'T' 
. ri 

■ J ' : . 

■r;~1 
■ ; 

1 

. . 

XL- 

H 

•J 

'.  ' . 

■ -r: 

'TT-  : F 

■f  * 

::rX 

lL  X 

m *1 

r «v  (. ! ■ 

- 

: ■ i 

1- 

■HHt  iflHHPTiMHiCSHHHmHIl 

, ■ c. 

i V 1 

^ :: 

> i j 1 l‘  : 

lO  ,.^!r  _.lJ  . {i  . 1.. 

• i • 

1 

\f  c 

- \ : r.^ 

|8 

1 

. • • • i .Jirjk  ! 

■■ 

j • 

.-.if 

K W 

4' 

. 

. 

. 

fT— . ■ ■ 

.!..•. 

~7i — ' 

i : ■ ! ■ I.  ■: 

' [- 

i 

“1 

'■  i . 

ua  - 

• . . , I-. . 

..  j.  .. 

t 

t ♦ • 

.!■  ...  , 

' ! 

■ j 

■ ■ • . 

fe.. 

i 

t - . . 

^ i' 

iJ... 

j • • 

— ...Jl.-  4 - i- 

■.h  ■■  T^l 

f * • ■ 

. 1 . 
i:  ■ 

• '2 

I-v 

•-i-' 

' ■ 

; 

t"**  t . 

. . I 1 

: ^ 

r:  s 

. ‘ t ‘ * 

• 

■ 

1-  ... 

'■  ,fi 

r . **p^ 

. . . .i.-rf . 

, ■ 1 - i- 

i \J 

rJf 

i;i'' 

±r 

i 

" ■ 

...... 

■ ■ . 

' 

- 1 . . I . . , . 

; ^ : 

:.  ; . :■ 

. . 't 
' . 

! ■ 

:■ 

— 

\ 

/ 

- -i-U- 

'l;n/ 

’7-’  ■ 

i-Mi 

, . , ( • .JJ 

• ’T' 

.J 

. : ■'. 

■"r  "^  ■■■  ■ 

• 

. 1 'i  : 

y 1 

.L 

' i .?'- 

L. 

1 ♦ 

iLx  : 

>'■ 

r cj' 

V : vi? 



■ 

- i ■ 

. .... 

1 . 
r •:< 

! . .L. 

1 h!-'  : 

hi  ^ li 

I-  •■  >4  ^1 

: ■• 

. .i.  ;. 

i 

1 

i : . 

; : 

. : 

• • - 

4 

; 7^ 

1:.!:. 

' ^ 
l!-<.^:j. 

.VC*':  i ; 

' : ' ; ■■ 

•,  i ■ - J 

i . 1 i 

f ....  .....  . ; • 

: 1 i 

...:  , 



.' ; 

: 

• 

r 

• 

' 

- i- 

_i... 

r 1 

:■  1 ' 
L.J. 

R??  OF/ LBS 


UNU  VEfS^rrvt 


i.'..  i,.'. 

j.  I... 

1 

\ ' 

ir-: 

: 

1 • 

; 

I:.:; 

■ 

r^^.T 

i-' 

y, . . r 
1'. 

■ ■ 

\.r 

t 

..;r* 

'.*11 

: : : :j 

* ' > 

j 

1 . 

[:  - 
— 

B 

B 

BSwl 

B 

B 

1 

1 

HB 

B 

B 

m 

B 

B 

B 

n 

B 

bb 

■B 

B 

B 

BB 

B 

B 

■ 

BB 

BB 

■ 

m 

BB 

Bn 

Figure  I'f.-  Cortluued, 


63 


Figure  14„-  Continued^  » 16®, 

* ^ "■•'  ■>."^‘  ?■  A S 

^ •<  il  JV .-  J ^ , 4 •*,  * 


V Vy  ^ « A - ^ ^ ' >i  4 - 


1 

1 


llii;iilir\\  I >1  \ \ 

( t ' 1 1 t I I I 'v'  I t I « 

fiiiiimr i\  \ 

Mr  ihM 

liii  1 , 1 1\  \ \ I 


miji  i 


llljl! 

<]^M\J  T , . . *,-  --  /'•  , 

: i I : I . , bf 


\ \ 
\ V . \ 


m 


iniuti  i..irn  (0  'j 

siiin^  V 1 


ill  / 1 I 

m/  iA\ 

I ii  / / 

w/ 1 X' 

m //f 

i a / , 

\r  i X J 


mu 


Figure  15. --  Isobars  on  the  wing  upper  surface  with 


<x-e 


CONFII>  X « 


iNFOKMAll 


AjyL'^ 


UPPER  SURFACE 


Percent 

Sta. 

Sta, 

Sta, 

Sta. 

Sta, 

Sta, 

chord 

0,098 

0,270 

0.442 

0,615 

0.787 

0,960 

00.00 

-0.19 

0.07 

0.18 

-0.54 

-0.62 

0.17 

1.25 

-0.35 

0.38 

0.35 

0.42 

0,  45 

2^.5 

-0,22 

0..25 

0,25 

0,31 

0,33 

0.25 

5^6 

-0.08 

0,12 

0.11 

0.14 

0,16 

0.12 

7.5 

-0.04 

O.Oo 

0.05 

O.OS 

0.10 

0.04 

10.0 

0.02 

O.QO 

0.00 

0.06 

O.On 

-0,03 

15.0 

0.08 

-0.07. 

—0,  06 

-0.03 

-0.03 

-0.08 

20.0 

0.13 

-0.12 

-0.12 

-0.03 

-0.07 

—0. 13 

25,0 

0.17 

-0.17 

-0.15 

-0.13 

-0.12 

-0.15 

30.0 

0.19 

-0.18 

-0.17 

-0.15 

-0.16 

-0.14 

40,0 

0.21 

-0,19 

—0,17 

—0.19 

—0 . IS 

—0,16 

60.0 

0.18 

-0.18 

— w • ^ t 

-0.16 

-0.17 

-0.17 

60^0 

0.14 

-0.13 

-0.13 

-0.13 

-0.13 

-0.14 

70,0 

0.08 

-0.08 

-Q.oe 

-0.09 

-0.08 

-0.10 

80  0 

0,04 

-0.04 

-0,04 

—0,05 

-0.05 

-0.0t> 

eo<,of 

-0.15 

-0.12 

-C.13 

es.o'.’ 

^ r\r\ 

0 '»^<D 

0,00 

’ It  '*■ 

0.05 

0.06 

0.03 

-0,03 

0.00 

-O.Q4 

c a;.  >-V 

•.*  • 

LOVER  UUxRFACE 

i'  ■ t ,a.v 

-0.19 

0.07 

0.18 

-0.54 

-0.62 

‘ V •> 

-0.60 

-0.89 

-0.96 

-1.13 

-1.22 

'■' " ^ 

-0.58 

-0.78 

-0,84 

-0.98 

-1,09 

-i;(56 

■"5.0 

-0.52 

-0.67 

-0.67 

-0.70 

—0.69 

-0*69 

-"'7.5 

-0.43 

-0.62 

-0.63 

-0.67 

-0.77 

«.  ♦ W ... 

to.o 

-0,49 

-0.58 

-0.63 

—0.65 

-0.68 

-0.^4 

l5-0 

-0.50 

-0.58 

-0.60 

-0.61 

-0.62 

-o'.4a^ 

20,0 

-0.48 

-0.57 

■ -0.57 

-0.57 

— 0,o5 

-o;-43 

!25,0  ' 

-0.49 

-0.53 

-0.54 

-0,o5 

-C.51 

-b.4o 

so.o 

-0.48 

-0.50 

-0,51 

-0.50 

-0.38 

40.C 

-0.44 

-0.47 

-0.45 

-0,44 

-0.42 

'■-0.31^ 

6o,o 

-0.38 

-0.37 

-0.35 

-0.36 

-0.35 

-Ov24: 

6C.0 

-0.29 

-0.28 

-0.28 

-0.25 

-0.26 

-0.18 

70,0 

-0.19 

-C.18 

-0.1? 

-0,16 

-0,17 

-0.12 

Po.o 

-0.08 

-0  ^ O'? 

-0.08 

-0.05 

-0.06 

-0.06 

90.0 

-0.02 

0.00 

0.01 

0,04 

•0,02 

-0.03 

-•  < 4 ♦.  .it  - 

Figure  18.- 

psure 

Coefficient  values 

with 

Angle  of 

Attack  = 

..aO 

Flap  Def j 

.eotlon  = 

-6® 

'"'i  y-^'% 

■> 

and  R = 

2.70  X 10® 

e 

y (&■ 


UfU  i ' / fe'  7 TS-  n-t-x 


UPPER  ST7RPACE 


percent 

Sta . 

r.ta  • 

?ta  • 

?ta. 

Sta. 

‘^ta . 

cr  ord 

0.098 

0.270 

0.442 

0.615 

0 . 707 

0.960 

00.00 

0 . oO 

0.4G 

0.40 

0.47 

0.49 

0.42 

1.25 

-0.01 

-0.08 

-0.15 

-0.22 

-0.22 

2.5 

-0.12 

-0.17 

-0.20 

-0.25 

-0.23 

-0.29 

— 

- ^ 

j~*  r\ 

n •z/. 

_ r.  'z  A 

-Q  - PQ 

u.  u 

« i^x 

• <1.  i7 

— -y  m 

7.5 

-0.22 

-0.25 

-0.20 

-0.33 

-0.32 

o "> 

• V/  • *3.  v/ 

10.  J 

-0.26 

=-0.2J 

•vj  • oO 

-0 .30 

r> 

^ r"  "o 

X • W 

-0.23 

-0.31 

A 'iO 
“ ^ 

-0.33 

-0.31 

20.0 

-0.31 

-J.34 

-•0  • S4 

— 0 •34 

-,).33 

-0.30 

25.0 

— 0 . 32 

-0 .30 

—V  • io 

-0.30 

-0.35 

-0.29 

30 

-0.34 

-0.35 

—0  . e5 

-0 .36 

-J.37 

-0.24. 

40.0 

-0.33 

-0  .34 

- . . 55 

-0.33 

-0.34 

-0.26 

50.0 

-0.30 

-0.29 

-0.20 

-0.29 

-0.29 

-0.21 

eo.o 

-0.23 

-0.22 

-0.21 

-0.21 

-0.23 

-0.15 

”0,0 

-0.15 

-0.13 

—0  . Ic 

-0.16 

-0.15 

-0.08 

00.0 

-o.oy 

-0.09 

-o.oa 

-0.10 

-0.08 

-0.04- 

.•:.0.0f 

-0.11 

-0.00 

-0.07 

••  • > 

85 .0 

— u . uc> 

0.00 

-0.03 

90.0 

0.02 

0.03 

0.00 

-O.OC 

-0.03 

-0.03 

LOWER  S-'RFAUE 


00.00 

;;.50 

1,25 

-0.05 

2.5 

-0.13 

S .0 

-0.19 

7.5 

- :.20 

io.o 

-0.24 

15.0 

— u . 2e 

20.0 

— j o 2 9 

25.0 

-0.31 

30.0 

-0.32 

40.0 

*— 0 w vU 

50.0 

— 0 . 2 

GO.O 

—0 .22 

70.0 

-9.14 

30.0 

-0,05 

QA  < \ 

V/  V » w 

0.00 

0.4:';' 

0.4C- 

0.47 

0.49 

0.42 

-0.10 

-0.11 

—0 .05 

— 0 . 03 

-9.16 

-0.17 

-'j.n 

-0.03 

— C.  1 0 

-0.21 

-0.21 

-0.16 

-0,14 

-0.19 

-0.24 

-0.25 

-0.21 

— 0 . 23 

-0.22 

=0.25 

-0.29 

-0.24 

-0.25 

-0.24 

— u .33 

— O.  3o 

-0.29 

-0.23 

—0 . 2o 

— 0 • 3 o 

-0.34 

-::.30 

-0.28 

-0.26 

-0.55 

-0.34 

-0,52 

-0.28 

-0.27 

—0 .04 

-0.33 

— 0.31 

-0.29 

-0.27 

-0.34 

—0 . 32 

-0.29 

-0.23  • 

-0.25 

—0 .25 

—0 . 2C 

-0.25 

-0.26 

-0.21 

-0.21 

-0.15 

- 9.17 

• xs? 

-0.17 

-::.13 

-0.12 

-0.10 

-0,12 

-0,03 

-0.03 

— ‘V . 03 

- '.02 

-0.03 

-0.03 

0.02 

0.03 

9.05 

0.C5 

0.00 

Fi-'’nAro  IB  (Cont'd).-  Pi3SKiirc5  coeffici«nt  values  with 

Anglo  of  Attack  - , Pls-.p  Deflection  = 

and  He  ■ 2-70  x iO"" 


JT\  -7k. 


^ T- 

K 


73 


I 


UPPER  SURFACE 


Percent 

Sta. 

Sta. 

Sta, 

Sta. 

St  a . 

Sta. 

chord 

0.098 

0.270 

0.442 

0.615 

0.787 

0.960 

00.00 

0.34 

—0,08 

-0-11 

-0.85 

-«.33 

-0.77 

-0.56 

-0.85 

-0.99 

-1.22 

-1.40 

2I0 

-0.56 

-C.78 

-0.86 

-1.00 

-1.11 

-1.17 

B.O 

-O.06 

-0.72 

-0.76 

-0.86 

r\  r>a 
— J7VJ 

-0.79 

7I5 

-0,52 

-0.64 

-0.6S 

-0.75 

-0.  79 

-0.68 

10.0 

-0.52 

-0.63 

-C.G4 

— C • G5 

r>  r.-? 
“W,  fX 

—0, 64 

15.0 

20.0  ‘ : 

-C.51 

-0.58 

—0.56 

-0.58 

-0, 64 

-0,54 

-0,51 

-0.58 

-0.57 

—0,58 

-0.59 

-0.48 

’25  *0‘ ■ 

erry 

— U • k 

-0.56 

-0,55 

-o.r.o 

-0.53 

-0.45^ 

:80»o  ' 

-0.52 

-0.55 

-0.52 

—0  • 53 

-0.57 

—0.  36- 

'4  o;o  ■' 

-0.47 

-0.47 

-0.48 

-0.49 

”0.49 

-0.36 

Eo.o;''  ' ^ 

-0.41 

-0.40 

-0I39 

-0I37 

-0.40 

-'0,27 

oO.C- 

-0,32 

-0.30 

-0.29 

-0 . 30 

-0.  3C 

-0,22 

?'o;o 

-0,22 

-0.20 

-0. 19 

-0  , HO 

-0.  21 

-0.15f 

-0.14 

-0.13 

-0. 12 

-0,14 

^ rr 

— w,  X.5 

-0.1^^ 

-0.06 

-0.03 

-0.03 

' : ■ -f 

-0.07 

-0.05 

-0.07 

-0.02 

0.00 

-0.03 

1 

0 

• 

0 

-0.06 

■ e:  . . . y 

LOWER  SURFACE 

y:'-' ‘ 

r.25' 
2.5  . 
5.0, 

rv 

-n  na 

• -«<r  W 

-0.11 

-0.85 

-0.33 

0.29 

-0.36 

0.55 

0.41 

0.46 

/ V —.1.  '*‘  7 * 

0.20 

C.IO 

-0.25 
-0. 14 

0.23 

O.ii 

0.31 

0.19 

0.38 

0.23 

7.5 

0.04 

0.05 

0.03 

0.10 

0.12 

'Usf>7^ 

i'O.O 

-0.02 

0.09 

—0.  03 

0.03 

0.07 

0*01^ 

15.0 

-0.09 

-0.09 

-0.10 

-0.05 

0.01 

;■  -0^07' 

20.0 

-0.14 

-0.14 

-0.14 

-0.09 

-0.  05 

' ^0.12^ 

25.0 

-0.17 

-0.15 

-0.17 

-0.14 

-0,09 

-0.19 

-0.17 

-0.17 

-C.15 

-0.12 

—0,13' 

40l0 

-0.20 

-0.25 

-0.19 

-C.16 

-’0. 14 

-0.20^ 

bO.O 

-0.20 

-0.17 

-0.16 

-<3.14 

-0.03 

-0;19 

GO.O 

-0.14 

-0.14 

-0.13 

-0.10 

-0.12 

-0.16< 

70.0 

-0.09 

-O.Ofi 

-0.07 

-0.05 

-0.  07 

-0,12 

<2,  '-J  M,  \J 

i-'. 

“"v/  • V/JL 

r\  no 

W H 

0 cc 

n no 

0,00 

n.4  ; 

V/'  a V/ 

co.o 

0.03 

0.03 

6!  05 

0.10 

0,05 

-0.02^ 
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Flap  Deflection  = 0° 
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